Oral administration of n-3 polyunsaturated fatty acids (PUFA) to piglets slightly enhances the immune response. As compared to the control, in the experimental piglets the absolute values of monocytes in the peripheral blood were significantly increased (P < 0.05), while the metabolic activity of phagocytes and the number of lymphocytes within the individual subpopulations were slightly higher. The level of growth factors, determined on the basis of somatomedin in the blood serum, was significantly higher in the experimental group (P < 0.05). n-3 PUFA interfere with the synthesis of prostaglandins and influence the metabolism of fatty acids. This finding may contribute to the therapy of inflammatory processes influencing immune and growth factors in piglets.
Acta Veterinaria Hungarica 47, 1999 tions. n-3 PUFA use the lipoxygenase pathway, whereby mediators with reduced inflammatory activity are formed; by contrast, n-6 PUFA are metabolised by cyclo-oxygenase, and pro-inflammatory metabolites arise (Vaughn et al., 1994) .
Essential PUFA, acting as the structural components of cellular membranes and as precursors for eicosanoid production, are important modulators of humoral (i.e. they control saccharide metabolism) and cell-mediated immune reactions. In part this demonstrates that the effect of dietary PUFA on immune reactions, through their ability to metabolise, leads to eicosanoid production. Potential effects of PUFA on biological receptors, signal transduction and lymphocyte proliferation depend on the PUFA composition of immune cells.
The aim of this study was to find out whether n-3 PUFA were incorporated in the cellular membranes of immune cells in piglets. Their effects on the expression of cellular receptors as well as on the functional activity of lymphocytes and phagocytes in the peripheral blood were also studied. By analysing their concentrations in the blood serum, the production of growth factors and eicosanoids, as well as their effects exerted on the cells of the immune system of piglets were investigated.
Materials and methods

Animals and diet
The experiments were carried out on eleven, clinically healthy 4-day-old piglets (Landrace × Slovak White Improved crossbreds) weighing 1.22.0 kg.
The piglets were divided into two groups, with five piglets in the control and six in the experimental group.
During a 35-day period after birth, the six experimental piglets were orally administered the oil (Seal oil, fi Star Enterprises, Saint John, Newfoundland, Canada) containing essential PUFA, in a dose of 100 mg kg` body weight per day.
The piglets were weighed every week, and the dose of oil was increased in proportion to their weight gain, i.e. from 0.4 ml to 2 ml. Vitamin E (250 mg) was administered together with the oil. During the last week, piglets were additionally fed with ÈOS 1, a commercial feed mixture (Agrocass, Koice, Slovak Republic).
Blood sampling
Three blood samples were withdrawn from the retroorbital venous sinus of the piglets eye after each week of dietary treatment.
Chemical composition of oil
The chemical composition of oil containing an increased amount of n-3 PUFA is illustrated in Table 1 . 
Immunological tests
Assays for the analysis of immunological parameters were chosen to evaluate the functional activity of phagocytic cells and lymphocytes.
(a) Iodo-nitro-tetrazolium reductase test (INT). Quantitative evaluation of the tetrazolium reductase activity of phagocytes was carried out according to the method of Lokaj and Oburkova (1975) to determine the metabolic activity (MA) of phagocytes during phagocytosis. The leukocyte suspension (1 × 10 % ml`) was divided into two parts and incubated at 37°C for 45 min. One portion was incubated with 1% starch suspension (Amylum oryzae) in phosphate-buffered saline (PBS) and the other without starch. All cellular suspensions contained INT (3/4iodophenyl-2-/4-nitrophenyl/-5-phenyl/-tetrazolium chloride, Lachema, Brno, Czech Republic). After the incubation and lysis of cells by acetone, the formasan content was determined by spectrophotometry at 485 mm. The results are described in the form of an index of metabolic activity (IMA) based on the ratio of the mean optical density of leukocyte suspensions with starch (n = 3) and leukocyte suspensions without starch (n = 3).
(b) Leukocyte migration-inhibition assay (LMIA). The LMIA was used to analyse the reactivity of lymphocytes to mitogenic activation and was carried out according to Bendixen et al. (1976) . The leukocyte suspensions were tested in a concentration of 2 × 10 & ml` under agarose with 5 µg ml` mitogen (phytohaemagglutinin, PHA, Sigma, Germany) and without mitogen. The plastic dishes contained 5 ml of 1% agarose consisting of culture medium (RPMI 1640, 10% fetal calf serum, 100 µg ml` streptomycin and 100 IU ml` penicillin). After preincubation (37°C, 1 h, 5% CO ), cell suspensions were transferred into holes in the agarose medium and incubated under the same conditions for 20 h. The migration index (MI) was determined as a ratio of the mean of migration areas of leukocytes with and without mitogen. (Boyum, 1974) . centage of the lymphocyte population, which was positive for a specific MoAb.
The absolute numbers of lymphocytes were calculated by differential counts of leukocytes. An unrelated MoAb of similar isotype was used as control.
Lipid extraction and analysis
Lipids were extracted from the serum and transformed into methyl esters of fatty acids by the method of transesterification in methyl alcohol in an alkaline environment (Kate¾ et al., 1992) . A Hewlett-Packard gas chromatograph, model 5890 A with 30-m capillary column (Supelcowax 10, Supelco Bellefonte, PA) was used for the determination of fatty acids of methyl esters.
Growth factor analysis
Somatomedin C (IgF ) was measured in blood serum by radioimmunoassay.
Statistical evaluation
Unpaired T-tailed test was used for statistical analysis.
Results
The The number of leukocytes in the peripheral blood was higher in the experimental animals than in the control ones at all the three samplings; however, the difference was not statistically significant. Moreover, the absolute numbers of lymphocytes harmonised well with the elevated values of leukocytes (Table 3) . 
Mean values ± SD
The administration of n-3 PUFA has been found to increase not only the level of gamma-linolenic acid (GLA), but also that of EPA and DHA (Fig. 5) 
Discussion
Enrichment of immune cells with n-3 fatty acids has been demonstrated in rats, mice, chickens and humans when n-3 PUFA were provided directly in the diet of the experimental subject .
The present study demonstrates a moderate effect of n-3 PUFA containing diet on the immune response of piglets. The measurement of lymphocyte activation by mitogen did not reveal any differences in the mean values of MI; this indicates that the response of lymphocytes to a mitogen stimulus was not influenced by n-3
PUFA, or this test is not sufficiently sensitive. In comparison with the control group, a slight increase in IMA was found in the experimental group at samplings II and III; this may indicate a more intensive phagocytic activity. A significant increase (P < 0.05) at sampling II was also recorded in the subpopulation positive for monocyte expression. The growth factor levels also increased significantly.
The most substantial changes were found in the fatty acid composition of the blood with respect to EPA, DHA and AA, which are important precursors of some essential compounds. The AA value decreased 1.5 times in experimental piglets compared to the controls. This leads to a reduced production of prostaglandins, in agreement with other data of the literature (Fritsche et al., 1991; . EPA and other n-3 PUFA extrude AA from membranous phospholipids and so they influence lipid metabolism. This has been described in some species of mammals such as humans, cats, and rodents, first of all in rats and hamsters (German et al., 1996) . The above-mentioned n-3 PUFA pass the lipoxygenase pathway while mediators with reduced inflammatory activity are formed. EPA has the same chemical structure as AA with the exception of one more double bond of n-3.
AA and EPA compete for cyclo-oxygenase. If lymphocytes contain an increased amount of EPA, they will produce smaller aggregation-active thromboxanes, TXA2, and replace them with TXA3 thromboxanes having a weaker aggregating effect. In the intestinal endothelium, prostacyclin PGI 3 arises from EPA, which has an anti-aggregating effect like PGI 2 arising from AA. Here, monocytes are transformed to macrophages that accumulate lipids from circulating lipoproteins and simultaneously release growth factors (somatomedins). Therefore, it is possible that an increased supply of n-3 PUFA can decrease the binding of monocytes to the endothelium, and in this way it acts preventively against atherogenesis (Lee et al., 1985) .
The above findings indicate that oral administration of n-3 PUFA to piglets elevates the level of n-3 PUFA in the blood serum and has an effect on eicosanoid production. A slight increase of the immune parameters and a significant influence on the levels of growth factors and PUFA metabolism can be observed. Of the fatty acids, the level of GLA, EPA and DHA increased and that of AA decreased in piglets fed n-3 PUFA. These changes may contribute to the therapy of inflammatory processes.
